Background {#Sec1}
==========

COVID-19, the illness caused by SARS-CoV-2, is a new emerging infectious disease. Epidemiology is showing how COVID-19 is not a gender-neutral disease, but data on the possible biologic mechanisms underlying differences between males and females in terms of disease severity are still scarce. Historically, gender has been a neglected variable in infectious disease research, but it needs to be considered \[[@CR1]\]. Deciphering gender differences in COVID-19 offers a window into the principles of immunity against SARS-CoV-2 infection.

Main text {#Sec2}
=========

The worldwide gender dimensions of COVID-19 {#Sec3}
-------------------------------------------

When comparing disease incidence, almost equal distribution is observed among men and women at different ages according to the World Health Organization (WHO) case-based surveillance system as of April 18th, 2020 \[[@CR2]\]. The male to female ratio among confirmed cases is 1.03:1 with a median age of 51 (interquartile range, IQR: 36--65) years \[[@CR2]\]. For males, the median age is 52 (IQR 37--65) years, and for females 50 (IQR 35--64) years \[[@CR2]\]. The ratio slightly modifies through the age groups: in the 0--9 year group the ratio is 1.16:1, in the 60--69 year it is 1.27:1, while the largest sex ratio is in the 70--79 year age group (1.34:1). More cases among females are unexpectedly found in the 20--29 year (0.85:1) age group and, accordingly to the largest number of old-aged females into the general population, into 80 years and over (0.78:1) \[[@CR2]\]. The distribution by age and sex of confirmed COVID-19 cases reported by the WHO case-based surveillance system modifies when excluding USA, Germany and Italy: the overall male to female ratio changes to 0.95:1, while in the 0--9, 60--69 and 70--79 year age groups men always prevail \[[@CR2]\]. In a population-based study from Iceland, fewer females than males received positive results both in the targeted testing group (11.0% vs. 16.7%, OR 1.66) and in the population screening group (0.6% vs. 0.9%, OR 1.55) \[[@CR3]\].

Interestingly, the International Organization for gender equality and health equity Global Health 50/50 reports sex-disaggregated data \[[@CR4]\], not always easily available from Official Health organisms. Percentages of cases in the two sexes are highly overlapping among the different Countries with the exception of India and Pakistan (cases 76% vs 24% and 77% vs 23%, respectively), also suggesting that social biases need to be carefully disclosed. However, and more importantly, from data collected so far in COVID-19, not only the rates of disease, but also mortality/morbidity and case fatality rates (CFR) need to be stratified by age and, additionally, by sex \[[@CR5]\] (Table [1](#Tab1){ref-type="table"}). In a recent paper from Chinese authors \[[@CR6]\] for first assessing severity and mortality in the two sexes, the number of deceased men was almost double than women (2.4 fold) independently of age, even though no difference in susceptibility was observed. Data should be disaggregated by sex even in clinical trials when comparing the efficacy of different treatments in patients with COVID-19 \[[@CR7]\].Table 1The gender dimensions of COVID-19CountrySARS-CoV-2 infectionsDeathsOverallMales (%)Females (%)Overall (N°)Males (%)Females (%)Italy230,778^a^465431,678^a^5941Spain258,760^b^455520,585^b^5743Germany172,239^c^48527723^c^5644France142,903^d^nana27,834^c^5941USA1,837,803^e^nana106,876^e^56^f^44China84,614^e^51494645^e^64^g^36India115,942^e^nana6642^h^73^i^27Pakistan93,983^j^742611,935^j^7426The sex-disaggregated data among different countries*na* not available from official sources^a^ISS updated May 26, 2020^b^Ministerio de Sanidad, Actualización nº 120. Enfermedad por el coronavirus (COVID-19). updated May 29, 2020^c^Coronavirus Disease 2019 (COVID-19) Daily Situation Report of the Robert Koch Institute, updated May 14, 2020^d^Public Health France (SpF) <https://www.santepubliquefrance.fr/maladies-et> traumatismes/maladies-et-infections-respiratoires/infection-a-coronavirus/documents/bulletin-national/covid-19-point-epidemiologique, updated May 18, 2020^e^Coronavirus disease 2019 (COVID-19) Situation Report -- 137 WHO, updated June 5, 2020^f^Provisional Death Counts for Coronavirus Disease (COVID-19), Centre of Disease Control and Prevention, CDC <https://www.cdc.gov/nchs/nvss/vsrr/COVID19/index.htm>^g^National Health Commission of the PRC ([http://en.nhc.gov.cn/search.html?searchText=covid+deaths](http://en.nhc.gov.cn/search.html%3fsearchText%3dcovid%2bdeaths))^h^Indian Ministry of Health and Family Welfare <https://www.mohfw.gov.in/index.php> (2020, 04/27)^i^<https://www.firstpost.com/health/73-of-those-who-have-died-of-covid-19-are-men-health> ministry-data-8233921.html (2020, 04/06)^j^<http://covid.gov.pk/>

The gender dimensions of COVID-19 in Italy: the ICU-disparity and comorbidity-equality {#Sec4}
--------------------------------------------------------------------------------------

As of June 3rd 2020, with 233,515 confirmed cases \[[@CR8]\] Italy was the sixth Country in the world after USA, Brazil, Russia, United Kingdom, and Spain in patient numbers. According to the COVID-19 Italian Integrated Surveillance \[[@CR9]\], at June 3rd 2020, the male/female cases ratio was approximately 1 (men 45.9%, women 54.1%) in Italy. Hospitalizations prevailed in males in all the age groups \[[@CR10]\] and, accordingly, a more severe clinical course was observed. Interestingly enough, the same results also emerged from the analysis of the Italian Workers' Compensation Authority, the National Institute for Insurance against Accidents at Work \[[@CR11]\]. At April 21st 2020, 28,381 accidents at work were reported and represented by 71.1% females and 28.9% males. Fatal cases however displayed an inverse picture with 20.4% women and 79.6% men, most grouped within 50--64 years old (68.4%) \[[@CR11]\]. As a fact, more men required intensive care than women in all the age groups including the older patients \[[@CR10]\]. Regarding the age distribution of the total deaths, at June 3rd 2020, almost 85% were confined after 69 years (70--79 year age group 26.8%, 80--89 years age group 40.9%, older than 90 years 17.4%) \[[@CR9]\]. When considering the absolute number of deaths by age group, women dying for SARS-CoV-2 infection had an older age than men (median age 85 vs 79 years) \[[@CR10]\]. As a confirm of this National panorama, in a large cohort of more than 1500 patients of the Lombardy Region admitted to ICUs, men represented more than 80% of the patients just after 40 years of age \[[@CR12]\]. In Florence, the COCORA multidisciplinary group found that hospitalized patients were prevalently males (65.5% vs 34.5%, p 0.045) and a strikingly majority were ICU-transferred (87.5% vs 12.5%) \[[@CR13]\]. Thus, within Italy, severe clinical course and deaths from COVID-19 are mainly observed among older, male patients confirming lower rates of severe disease among women and younger individuals overlapping data initially described in China \[[@CR14]\]. This disparity, however, is not observed in comorbidities. Their quality, quantity and association are equally distributed and do not differ between the two sexes \[[@CR15]\]. As a fact, among deceased patients, cardiovascular diseases including hypertension were the most common comorbidities both in men and in women and the median number of pre-existing chronic pathologies was 3 in women as well as in men \[[@CR10]\]. This also suggests that co-existing pathologies, although representing risk factors for severe course, cannot fully explain the observed sex difference in COVID-19.

Social versus biological risk factors in outbreaks {#Sec5}
--------------------------------------------------

A careful gender analysis related to social attitudes should be always considered when disparities between men and women are observed into pandemics as of note biases. As an example, during the 2014--2016 West African outbreak of Ebola virus disease, about the two-thirds killed by the infection were women given their traditional role as caregivers and front-line health-care workers in addition to ritual local behaviours \[[@CR16]\]. Besides the gendered risk exposure, risk perception and handling are different between sexes \[[@CR17]\]. Gendered ideology and practice have been recently revised with the finding of an inherent globally different behaviour response to epidemic and pandemic respiratory infectious diseases \[[@CR18]\]. Although this meta-analysis of 85 papers prevalently covers the Anglo-Saxon world with a more limited contribution from Countries highly involved into the ongoing pandemia (Italy, China, Spain), it concludes that women more likely adopt or practice non-pharmaceutical behaviors (e.g., hand washing, sanitation, quarantine compliance, mask wearing etc.) whereas, at the same time, men are only marginally more likely to adopt and practice virtuous pharmaceutical behaviors even when available (e.g., vaccinations). Further, gender discrepancies are more evident in Islamic Countries (e.g. Saudi Arabia, Pakistan, Afghanistan, Oman, Yemen) because of differential access to healthcare facilities. As an example, almost three quarters of cases in Pakistan are among men (78%) whereas women account for less than one quarter (22%) \[[@CR4]\].

A gendered approach to the coronavirus infections {#Sec6}
-------------------------------------------------

To approach sex differences in COVID-19, common infectious respiratory diseases as community acquired pneumonia (CAP) and severe acute respiratory syndrome (SARS) may represent interesting examples to dissect whether life expectancy depends on sex differences in risky behaviours, quality of care, individual clinical characteristics, or on the biological response to pathogens. Generally speaking, men are more susceptible to infections and prone to die when infections occur \[[@CR19]\]. In a large multicentre cohort of old adults in the USA, survival to CAP was less likely in men than in women but demographics, health behaviour, chronic health conditions, and quality of care could not explain the difference. Viceversa, a substantial different biologic response was observed between the two sexes. Higher levels of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α and Interleukin (IL)-6 mirrored by higher IL-10, and altered fibrinolysis with increased D-dimer and lower concentrations of circulating antithrombin III and Factor IX were detected in men \[[@CR20]\]. As already reported in other infections, patterns of inflammation and pro-coagulation associated with worse outcomes.

Closer to the argument, SARS-CoV infection as responsible of the 2002--2003 pandemic SARS, actually represents a further example of sex disparity. Data from both Hong Kong and Taiwan found that male was much more severely affected than female sex. In the paper of Kalberg et al. CFR difference between the two sexes reached *p* \< 0.0001 \[[@CR21]\] and gender-related immunity was included as a possible explanation together with other possible confounding factors such as definition of the disease, different treatment regimens, smoking history or work-environment. In a comment to this latter paper \[[@CR22]\], gender discrepancy in mortality did not diminish through the all age groups including the elders. In a preliminary paper from Chinese researchers collecting data from SARS and recent COVID-19 experience, a gender role in mortality was observed confirming male as more serious than female cases (*p *= 0.035) and numbers of men died from COVID-19 2.4 times above women with a significant p value (*p* = 0.016) \[[@CR6]\].

Despite a more limited number of patients from the Middle East respiratory syndrome (MERS)-CoV during the 2012--2013 outbreaks in Arabia and 2015 in the Far East, sex equally matters. The excess of male cases could be undoubtedly attributed to shepherd job with camels as possible virus reservoirs in the Middle East and Gulf Countries \[[@CR23]\], but was certainly not-depending by exposure elsewhere, such as South Korea \[[@CR24]\]. Likewise, however, 66.7% case fatalities were sustained by men \[[@CR25]\].

Genes, immune regulation and environment {#Sec7}
----------------------------------------

It is becoming more and more evident that SARS-CoV-2 strongly deals with the immune system with the consequence, in some individuals, of a dysfunctional immune response with exaggerated inflammation, immune-impairment and auto-aggression leading to disease progression \[[@CR26]\]. In other auto-aggressive immune-mediated diseases an interactive trinity composed by genes, immune regulation and environment has been invoked as possible pathomechanism (reviewed in \[[@CR27]\]) with innate/adaptive immunity, hormones and sex chromosomes as different players. In COVID-19 as well as SARS, a sexual dimorphism into expression and regulation of the attack and entry molecules might be a further contributor to the observed disparity between sexes.

ACE2: a Trojan horse for SARS-CoVs {#Sec8}
----------------------------------

Infection of the host target cells by Coronaviruses strictly depends on an extracellular anchor represented by a cell-surface zinc peptidase, angiotensin-converting enzyme 2 (ACE2) which is engaged by the viral spike (S) protein \[[@CR28]\]. However, ACE2 does not represent a fully competent entry receptor as demonstrated for human pathogenic SARS-CoV and SARS-CoV-2 as well as HCoV-NL63, inasmuch as the cleavage at the S1/S2 and the S2′ site operated by host proteases is crucial to allow viral-cellular membrane fusion \[[@CR29]\] (Fig. [1](#Fig1){ref-type="fig"}a). The viral spike protein is indeed a key determinant for transmissibility and the few changes into the aminoacidic sequences between human and animal Coronaviruses are responsible for its thousand times tightly binding to the human receptor \[[@CR28]\].Fig. 1ACE2 and COVID-19. **a** The renin angiotensin system (RAS) and the role of ACE2 in SARS-CoV-2 infection in brackets the year of discovery; **b** the different balance of ACE2 expression in males and females. ACE2: Angiotensin I Converting Enzyme 2; AT~1~R angiotensin receptor type 1, AT~2~R angiotensin receptor type 2

ACE2 is a transmembrane monocarboxypeptidase with an extracellular catalytic domain operating into the RAS (renin angiotensin system). Here, its activity is to cleave away a phenylalanine from angiotensin (ANG) I thus producing the nonapeptide ANG-(1--9) and a leucine from angiotensin II producing the heptapeptide ANG-(1--7) (alamandine) with a counteracting role in respect of ANG II \[[@CR30], [@CR31]\]. RAS indeed operates through three different 7-transmembrane receptors differently affecting the cardiovascular and respiratory system. ANG II type 1 receptor (AT~1~R) was the first discovered as the principal receptor of ANG II and physiologically promoting vasoconstriction, water intake, and sodium retention. In pathophysiological conditions it is also responsible of nitric oxide synthesis, oxidative stress, hypertrophy, fibrosis, and inflammation. The other two receptors, ANG II type 2 receptor (AT~2~R) discovered in 1989 and the G protein-coupled receptor Mas discovered in 2003, are engaged by ANG II and ANG-(1--7), respectively. They interfere with proinflammatory pathways, resulting in vasodilation, anti-inflammation, anti-fibrosis, and anti-apoptosis and thus operate a homeostatic function in the cardiovascular system and beyond \[[@CR32], [@CR33]\] (Fig. [1](#Fig1){ref-type="fig"}a).

ACE2 is widely distributed in the cardiovascular system, kidneys, lungs, gastro-intestinal tract, and brain but preferring epithelial surfaces. In the lungs, ACE2 is found in type 2 pneumocytes, alveolar macrophages and ciliated bronchial epithelial cells whereas is absent on type 1 pneumocytes. Interestingly enough, type 2 pneumocytes are surfactant producers and can give raise to gas-exchange involved type 1 pneumocytes when these latter are seriously damaged such as in diffuse alveolar damage, an usual picture in SARS \[[@CR34]\]. As a prove, viral antigens of SARS-CoV-2 have been found into the bronchial epithelial cells, macrophages and alveolar epithelia of human ACE2 transgenic mice \[[@CR35]\]. Expression in the upper airways is more variable as present on the epithelial cells of larynx, nasal mucosa and respiratory sinuses, in tonsils and in oral mucosa, but uncertainly in trachea, vocal folds and epiglottis cells. The entire gastrointestinal tract expresses ACE2 (oesophagus, stomach, ileum and colon). In the heart, ACE2 is found on cardiomyocytes, cardiofibroblasts, and additionally into the coronary vasculature and other blood vessels on endothelial cells, myocytes, and smooth muscle cells \[[@CR36]\]. This systemic expression, eventually co-ordinately associated with the serine-proteases necessary for virus entry, can easily explain the different clinical target symptoms observed in COVID-19.

ACE2 is tightly regulated by the TNF-α converting enzyme (ADAM-17) and apelin, among the others \[[@CR30]\], and its expression varies over the time. Quite surprisingly, however, especially in the view of its homeostatic functions, cellular damage down-regulates ACE2 expression and no rescue system seems to operate with the effect of damage amplification and increased inflammation. In the lungs, ACE2 down-regulation associates with enhanced vascular permeability, increased lung oedema, neutrophil accumulation and worsened lung function \[[@CR34]\]. First, several experimental models where RAS is involved, support the idea of a protective role of ACE2. As an example, in the ischemia--reperfusion kidney injury model, ACE2 knock-out compared to WT mice exhibit similar histologic injury but increased organ infiltration sustained by neutrophils, macrophages, and T cells, augmented mRNA expression of pro-inflammatory cytokines and chemokines, such as IL-1β, IL-6 and TNF-α, macrophage inflammatory protein 2 and monocyte chemoattractant protein 1 with greater apoptosis and oxidative stress \[[@CR37]\]. Further, in viral induced lung injury ACE2 was able to protect animals \[[@CR38]\]. Along with this, down-regulation of ACE2 has been also postulated in the human acute respiratory distress syndrome (ARDS) of ever origin and ACE2 polymorphisms associated with mortality in ARDS cohorts \[[@CR39], [@CR40]\]. Secondly, in the context of SARS-CoV, in vivo experimental infection as well as treatment with a Fc-fused S protein resulted in a significant reduction of ACE2 expression in the lungs paralleled by severe injury and respiratory dysfunction. Moreover, the soluble S protein was able to reduce endogenous ACE2 expression in several cell lines of respiratory and intestinal origin \[[@CR41]\]. Finally, ACE2 shedding seems to depend on the Coronavirus strength as is highly induced by SARS-CoV and mildly by the less pathogenic HCoV-NL63 \[[@CR42]\].

In this scenario, ACE2 might represent the first variable to justify different effects of the infection between genders (Fig. [1](#Fig1){ref-type="fig"}b).

The sexual dimorphism of ACE2 {#Sec9}
-----------------------------

ACE2 gene is located on the X chromosome (Xp22.2), in the Barr zone. As females carry two copies (one paternal and one maternal) of the X chromosome, with the possible result of a redoubled number of X-linked genes, this possible unbalance is compensated by a random transcriptionally silencing of one of the two X, known as X-chromosome inactivation (XCI). However, almost 15--23% of X-codified genes can escape, fully or partially, from XCI and this prerogative is proper of those genes placed in the so-called pseudoautosomal regions PAR1 and 2 \[[@CR43]\]. The ACE2 gene is in fact placed within PAR1; however, the impact may not necessarily be a redoubled expression of ACE2 in females. By a single-cell RNA-Seq analysis performed in normal lung tissues from 6 females and 2 males \[[@CR44]\], it was indeed confirmed ACE2 expression by type 2 pneumocytes and noticed a high expression profile heterogeneity among the tested individuals with the highest levels in an Asian male of middle age (about fivefold). In addition, almost in Chinese population, the homozygous mutation rate of SNP rs2285666 (G8790A) was much higher in males (0.550) than females (0.310) \[[@CR45]\]. The small size of the first cohort and the limitation to Chinese donors in the second one does not allow to draw any further conclusions but it is attempting to speculate that sex (and ethnic) distinctions into viral susceptibility may exist. Deleterious variants would not be differently expressed into the Italian population to explain the observed higher lethality from SARS-CoV-2 than Chinese, however this observation comes from a still single paper and possible difference in terms of sex were not addressed \[[@CR46]\]. Other rare ACE2 variants related to susceptibility/protection to SARS-CoV-2 were described but no relation to any particular population group or any discernible gender distribution differences were noticed \[[@CR47]\]. Animals might indeed provide insights about a gendered ACE2 but these results could not be necessarily translated into humans. Secondly, activity and/or expression of the enzyme are addressed but they may not necessarily overlap. Third, as RAS receptors are widely distributed in the body, results from the different organs may not be equally representative of lungs. All these items may explain the variability of the observations. In rats, ACE2 expression declined with age in both sexes but was significantly higher in old female rats than male counterpart \[[@CR48]\]. In kidneys of sheep, ACE2 mRNA and protein increase with age in both sexes but activity increases with age only in males \[[@CR49]\]. In humans, serum ACE2 enzymatic activity recognized no sex difference but, within the women group, it was higher in the elders \[[@CR50]\]. Finally, hormones might be an additional variable. The protective effect of oestrogens has been invoked and dissected in human cardiovascular diseases as modulating RAS components and females prevalently tip towards the ACE2/Ang(1--7)/MasR and AT~2~R pathways \[[@CR51]\]. ACE2 protein expression and activity are indeed decreased by ovariectomy in hypertensive rats depending on the tissue \[[@CR52]\]. In mice, however, oestrogens do not significantly interact with ERα in the lung for ACE2 receptor gene regulation \[[@CR53]\]. Although no direct effect of progesterone has been described, ACE2 mRNA and activity are increased in the kidney and uterus of pregnant animals and ACE2 is expressed on chorionic villi \[[@CR54]\]. Whether endogenous oestradiol or progesterone might prevent severe outcome in SARS-CoV-2 infection regulating the expression or the activity of host receptor(s) as acting as foe (attach molecule) or friend (protective anti-inflammatory), respectively, also in the lungs, it is thus still an intriguing task.

TMPRSS2: is there any role for gender? {#Sec10}
--------------------------------------

TMPRSS2 is a 70 kDa membrane-anchored enzyme (type 2 transmembrane serine protease) expressed on the epithelial cells of prostate where it was first described in 1997 \[[@CR55]\]. Here, its activity is necessary to normal prostate specific antigen expression and ejaculate, even if TMPRSS2-depleted mice by serine protease domain disruption do not exhibit any alteration in survival, sexual development or reproductive impairment. TMPRSS2 is codified by a gene mapped on chromosome 21q22.3 and several androgen receptor elements are located upstream of the transcription start site and the first intron \[[@CR56]\]. As a fact, androgens strongly upregulate TMPRSS2 expression in prostate tumor cells and they can also control, and upregulate, the oncogenic transcription factor ERG, normally androgen-insensible, when the *TMPRSS2:ERG* fusion gene is produced because of somatic gene rearrangements in prostate cancers \[[@CR57]\].

It is no coincidence that the murine homologue of TMPRSS2 is known as epitheliasin as the enzyme is broadly expressed in other epithelia, in particular on the lining epithelia of the aerodigestive tracts (lungs and colon), in kidneys, liver, and pancreas, in addition to several cancer cells including lung cancer cell lines A549 and Calu-3, and colorectal adenocarcinoma Caco-2 \[[@CR58]\]. However, the most interesting finding related to Coronaviruses resides on the co-expression of TMPRSS2 together with ACE2. Both molecules are found on the majority of type 2 pneumocytes as well as alveolar macrophages and epithelial cells of intrapulmonary bronchi. Here, some interstitial macrophages/dendritic cells of intra-alveolar septa of the lung can express ACE2 separately from TMPRSS2 that is present on adjacent type 2 pneumocytes. The two molecules are concomitantly present in the upper airways (buccal mucosa, nasal mucosa and respiratory sinuses, tonsils, larynx and bronchi), the gastro-intestinal tract (oesophagus, stomach, ileum and colon), the cardiovascular system (cardiac and blood vessel myocytes, endothelial cells) thus explaining the broad clinical expressions of Coronaviruses infection \[[@CR36]\].

The cleavage activity operated by TMPRSS2 is the essential pre-requisite for viral infectivity as able to induce virus-cell membrane fusion and virus entry \[[@CR29]\]. Other host proteases such as endosomal cathepsins concur to the priming, but they are not dispensable. The proteolytic enzyme activates S protein by splitting S1 from S2 of highly pathogenic human Coronaviruses (SARS-CoV, MERS-CoV, SARS-CoV-2) \[[@CR29]\] but also HA1 and HA2 (Hemoagglutinin) from 2013 Asian H7N9 and H1N1 subtypes of influenza A viruses \[[@CR58]\]. Of note, infection and death would preferentially target males in both these latter pandemics \[[@CR59]\], although alternative data were reported from some Western Countries \[[@CR60]\]. A genetic predisposition to a severe course from A(H1N1)pdm09 influenza infection was also found into the GG genotype rs2070788 variant carrying individuals from a Chinese cohort and a single-nucleotide polymorphism correlated with differential (and augmented) TMPRSS2 expression \[[@CR61]\]. GWAS might indeed contribute to understand different ethnic (or sex related?) predisposition also in the recent SARS-CoV-2 pandemic, although disease susceptibility cannot be directly inferred from these data. Interestingly, however, by using available Italian exome studies, four SNPs were found to differ in Italian population compared with East Asians with the missense substitution p.Val160Met already associated with genomic rearrangement of TMPRSS2 as risk factor of prostate cancer. In addition and more interestingly, two other haplotypes are described, the first one proper of the European population and related to the up-regulation of *TMPRSS2* by androgens, and the second one characterized by three SNPs associated with higher *TMPRSS2* expression \[[@CR46]\]. Along with this, it is attractive to observe that the *TMPRSS2:ERG* fusion gene is found in approximately 50% of prostate tumours of whites whereas is infrequent in black and Asian men \[[@CR56]\].

Several other speculations may strengthen the role of sex into the expression of TMPRSS2. A first speculation derives from the androgens activity in vitro in the lung-derived cell line A549 to upregulate TMPRSS2 expression and to variably affect about 200 other transcripts including down-regulation of genes involved in cell respiration \[[@CR62]\]. In the mouse, androgen receptor (AR) is expressed in type II pneumocytes and the bronchial epithelium where TMPRSS2 and ACE2 are expressed and it is regulated by androgen treatment in a positive loop. In humans, the AR is expressed in normal lungs as observed by immunohistochemistry with a signal which depends on the donors but it is independent of the sex \[[@CR62]\]. The possible favourable role of androgen targeting in COVID-19, as already suggested \[[@CR56]\], has been recently addressed in vivo in a observational study. Actually, prostate cancer patients receiving anti-androgenic therapy had a significantly lower risk of SARS-CoV-2 infection than alternative-treated patients and much lower when compared with patients affected by other tumor types \[[@CR63]\]. However, the possible modulation of TMPRSS2 expression in lungs of treated individual has not been studied. As a fact, constitutive expression of TMPRSS2 and mRNA levels of the protein are equal in males and females although with high variability among the donors of the two sexes \[[@CR56]\]. Further, post-menopausal women might be as susceptible as men because of the relative prevalence of male hormones and reduced levels of female hormones. The effects of oestrogens on TMPRSS2 expression and modulation are still largely unknown in normal conditions. Both oestrogen receptors (ERα and ERβ) are expressed on normal prostate cells but they would possibly mediate opposite effects at least in cancer, with up and down-regulation of *TMPRSS2*-*ERG*, respectively \[[@CR64]\]. Thus, the central question about the degree of regulation of TMPRSS2 protein expression in the lung by androgen signalling still needs to be addressed.

When SeXX matters in anti-viral responses {#Sec11}
-----------------------------------------

From *Drosophila melanogaster* on, the X chromosome harbours many of the genes encoding for innate signalling proteins thus giving a possible explanation for the observed sex-specific differences into defence mechanisms against viral, fungal or bacterial infections. On the other hand, *Sry* expression on the Y chromosome is related to the reduction of the immune response. The X chromosome is a giant chromosome containing about 3000 different genes and encoding for more than 800 miRNAs (Fig. [2](#Fig2){ref-type="fig"}). Genes of importance for a robust immune response are encoded on X such as CD40L, FoxP3, BTK, IL-2R gamma chain, WAS, properdin, and IKBKG, among the others \[[@CR65]\]. As said, X inactivation has evolved to maintain equivalent gene expression into the two sexes, but a small subset of genes located in the non-recombining regions can escape this mechanism. Thus, their products are higher expressed in females and the pattern recognition receptors (PRRs) Toll-like receptor (TLR) 7 and TLR8 are examples of the XCI escape \[[@CR66]\]. TLR7 is an endosomally located sensor detecting natural (viral) single-stranded ribonucleic acid or activated by synthetic ligands such as imidazoquinolines. It is constitutively expressed on plasmacytoid dendritic cells and B lymphocytes in addition to myeloid cells and non-immune cells such as hepatocytes, epithelial cells, and keratinocytes after induction. Both mRNA and protein are found in several tissues especially those lining with external (skin, lungs, gastro-intestinal and urinary tracts) and in female tissues (placenta, breast and genital tract) \[[@CR67]\]. Up-regulation of TLR7 may results from viral infections such as influenza and this phenomenon is dependent on type I Interferons (IFN) which in turns is produced by TLR7 triggering. Upon ligand binding, TLR7 dimerizes and activates a well-known signalling pathway involving myeloid differentiation primary response gene 88 (MyD88), mitogen-activated protein kinase (MAPK) cascades, NF-κB activation, as well as IFN regulatory factor (IRF)-7 and IRF-5 activation via IL-1 receptor-associated kinases (IRAK)-1/2/4 and TNF receptor-associated factor-3/6 \[[@CR68]\]. As a results, pro-inflammatory cytokines (TNF-α, IL-6, IL-1β, IL-12), and IFN-α are produced. Cooperation between TLR7 and other viral sensors collectively called RIG-1 like receptors (RLRs) (melanoma differentiation-associated protein 5 \[MDA5\], laboratory of genetic and physiology 2 \[LGP2\], retinoic acid inducible gene \[RIG\]-I), may operate to robustly respond to viral infections. Finally, TLR7 may stimulate B cells to enhanced antibody production. The activity of TLR8 is less studied as initially defined as inactive in experimental mouse models, but it is likely involved into regulatory mechanisms of expression of TLR7 itself \[[@CR68]\].Fig. 2TLR7 within the X chromosome and its principal characteristics in the anti-viral response. The Toll-like Receptor 7 gene (*TLR7*) is located in the pseudo-autosomal region 1 of the X chromosome (p22.2). The principal characteristics of TLR7 are summarized on the right. ACE2: Angiotensin I Converting Enzyme 2; BTK: Bruton Tyrosine Kinase; CD40LG: CD40 Ligand; CFP: Complement Factor Properdin; CYBB: Cytochrome B-245 Beta Chain; CXCR3: C-X-C Motif Chemokine Receptor 3; GATA1: GATA Binding Protein 1; IKBKG: Inhibitor of Nuclear Factor Kappa B Kinase Regulatory Subunit Gamma; IL13RA1: Interleukin 13 Receptor Subunit Alpha 1; IL2RG:Interleukin 2 Receptor Subunit Gamma; IARK1: Interleukin 1 Receptor Associated Kinase 1; IRF Interferon regulatory factors; FOXP3: Forkhead Box P3; LGP2 laboratory of genetic and physiology 2; MAPK mitogen-activated protein kinase; MDA5 melanoma differentiation-associated protein 5; MyD88 myeloid differentiation primary response gene 88; NFκB nuclear factor kappa-light-chain-enhancer of activated B cells; pDCs plasmacytoid dendritic cells; RIG-I retinoic acid-inducible gene I; TLR8: Toll Like Receptor 8; WAS: Wiskott-Aldrich Syndrome

Several lines of evidence related less susceptibility and severity and better outcomes of viral infections in women than men to increased TLR7 activity and/or expression. First, TLR7 expression is indeed augmented in women. Actually, biallelic expression of TLR7 has been found in primary B lymphocytes, monocytes, and plasmacytoid dendritic cells (pDCS) of women (and Klinefelter syndrome males) and this results in higher TLR7 protein expression in leukocyte populations of females \[[@CR69]\]. Secondly, higher in vitro IFN-α production in females was noticed by several Authors after stimulation with synthetic TLR7 ligands. In a large cohort of healthy individuals, female peripheral blood lymphocytes produced much higher IFN-α levels than male after TLR7 stimulation with a striking significance (*p* \< 0.0000001). No sex difference was noticed after TLR9 stimulation, in TNF-α production or numbers of responding pDCs. No in vitro effects of oestrogens were observed at that time \[[@CR70]\]. A similar observation was also described by other groups \[[@CR71]\]. Ten years later, the explanation was found into the sex different basal levels of IRF-5 in pDCs and positive correlation with the percentage of IFN-α--secreting pDCs in females \[[@CR72]\]. An hormonal control of both TLR7 and IRF-5 might be involved. In humans, mRNA levels for IRF-5 correlate with oestrogen receptor 1 (ER1) expression suggesting a possible IRF-5 regulation by ER1 at transcriptional level \[[@CR72]\]. TLR7 expression on immune cells is higher in females after puberty \[[@CR73]\]. Also in mice, in vivo 17β-oestradiol directly targets pDCs and in vitro cytokine production by pDCs is promoted by TLR7 ligands by means of ERα expression \[[@CR74]\]. However, it is difficult to disclose the relative role of X chromosome and hormones, at least in human beings. Interestingly, in XX females IFN-α production (and frequency of IFN-α producing pDCs) was always above than monosomy X (Turner's syndrome) females and XY males. On the other hand, in transgender males (XX, highly testosterone treated) IFN-α production (and frequency of IFN-α producing pDCs) was significantly below than XX untreated females, whereas the same difference with a lower significance was also found when transgender females (XY, low testosterone) were compared to XY untreated males \[[@CR73]\].

As the other side of the coin, this more robust immune response of females whatever is due, X chromosome, X numbers and/or sex hormones, while conditioning females as the stronger sex, also may contribute to more likely develop autoimmune diseases \[[@CR75], [@CR76]\].

What Interleukin-sex are you? Protection by reduced inflammation {#Sec12}
----------------------------------------------------------------

IL-6 has been claimed to be crucially involved into the dysregulated host immune response of critically ill COVID-19 patients (reviewed in \[[@CR77]\]). Hypercytokinemia is the hallmark of the severe disease with notable increase in the levels of a plethora of cytokines and chemokines (IL-1β, IL-2, IL-6, IL-17, IFN-ɣ, IL-8, IL-18, TNF, and CCL2 among the others) with IL-10 attempting to dampen the exaggerated immune activation \[[@CR78]\]. As a consequence, patients not only develop a severe pneumonia but also exhibit a sort of macrophage activation syndrome/cytokine release syndrome (CRS) with deranged liver function tests, diffuse endothelial damage and coagulopathy, mirrored by circulating high D-dimer, hyperferritinaemia and high C-reactive protein evolving towards a multi-organ failure \[[@CR79]\]. It is known since years that persistent elevation of plasma levels of IL-1β and IL-6 are predictors of poor outcome in ARDS \[[@CR80]\]. Accordingly, IL-6 levels in patients requiring intensive care after SARS-CoV-2 infection increase over time and are higher in non-survivors than survivors \[[@CR26]\]. IL-6 indeed plays a crucial role into the CRS and IL-6 levels together with C-reactive protein and SaO~2~/FiO~2~ ratio would be predictors of rapid clinical deterioration in COVID-19 patients \[[@CR81]\]. As a fact, tocilizumab is likely to be an effective drug for patients with severe COVID-19 \[[@CR82]\] and anti-IL-6R strategy has been related with the restoration of NK cells killing machinery, profoundly affected in severely ill patients and also observed in macrophage activation syndrome \[[@CR83]\].

In normal individuals, IL-6 is broadly expressed being bone marrow and lymphoid tissues, fat, lungs, bladder and urinary tract the most enriched tissues \[[@CR67]\] and prevalent in women. Despite this, a buffered inflammatory response is claimed as responsible of the longer lifespan, better health and better outcomes after severe injuries of females. After traumatic injury or haemorrhagic shock males would exhibit persistently elevated IL-6 levels which have been associated with a higher rate of multiple organ failure \[[@CR84]\] even if these data have been recently debated \[[@CR85]\]. In experimental models, stress gene expression levels and IL-6 are higher in male than female mice after LPS challenge \[[@CR86]\]. In humans, the stimulation of whole blood with TLR-4, 7/8 and 2 ligands always produced lower IL-6 levels in women than in men \[[@CR87]\]. With an elegant approach combining ATAC-seq, RNA-seq, and flow cytometry analysis of the peripheral blood mononuclear cells from 172 healthy adults (22--93 years of age) of both sexes revealed that monocyte-specific loci were 15-fold increased in men although the cell numbers were comparable. Along with this, IL18BP and IL-6 levels, even if increasing with age, were always higher in men than females \[[@CR88]\]. It is difficult to dissect the relative importance of steroid hormones and X-chromosomes in this immune disparity.

Conclusions {#Sec13}
===========

Emerging evidence shows that COVID-19 is a gender-biased disease influenced by a myriad of variables ranging from biological to social factors. Although it is still premature to draw firm conclusions about gender and SARS-CoV-2 infection, gender equality must be a priority in the fight against COVID-19.
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